Background: There are little published data on factors relating to low back pain in the younger athletic population.
Known risk factors for LBP in adolescence include rapid growth rate, smoking, and thigh muscle imbalance. 8 Participation in competitive sports in youth may also predispose to LBP, 11, 13, 15, 26 with 1 study estimating that athletes are 4 times more likely to complain of such symptoms compared with nonathletes. 11 However, this is not a consistent complaint, and other authors have found no evidence of such effect. 8, 16, 19 Epidemiological work suggests that lower back injuries in this adolescent population contribute 1.8% to 14% 17, 22, 27, 28 of the total injury burden, with symptoms also being reported in adulthood. 12 Despite this, there remains a lack of understanding of factors influencing recovery from low back complex symptoms in the active youth population. Access to earlier intervention in those most at risk of delayed recovery may offer an improved outcome.
Soccer is the most popular sport worldwide, and globally, there has been an expansion of dedicated soccer academies to accommodate the increasing desire to participate at a high level. The incidence, demographics, and risk factors for back injuries in a prospectively studied cohort of youth academy soccer players were evaluated. Our hypothesis was that independent predictors of recovery and return to participation in sports could be determined by event analysis, which investigated the impacts of covariates, including age, position, and injury type, on the risk of delayed recovery after injury.
METHODS

Data Collection
Between November 1998 and January 2006, the English Football Association required all 41 English soccer youth professional academies to prospectively collect injury data for their players aged between ages 8 and 19 years. The player or their legal guardians gave consent for data collection. The data were collected locally on a standardized pro forma by qualified medical personnel and were made anonymous before being forwarded on a weekly basis to the FA's headquarters in Lilleshall, United Kingdom. The data included the following: personal player information, including a unique identification code, the mechanism (player-toplayer contact vs noncontact), timing and nature of the injury, the time to return to full participation, and any further clinical investigations that were required.
These prospective data were analyzed for players aged between 8 and 16 years for the 5 complete seasons beginning in May 2000 and ending in May 2005. There were 12,306 players included in this study, at an average of 2461 players per season. The number of players at risk by year and age group are shown in Table 1 . For the purposes of this study, we only analyzed injuries affecting the lumbar spine, as identified by the unique injury code from the data set.
Ethical approval for the use of these data was obtained from the local ethics committee.
Definitions
The Union of European Football Associations (UEFA) and the Federation Internationale de Football Association (FIFA) Medical Assessment and Research Centres (F-MARC) models for calculating the injury rate per 1000 hours of exposure and definitions of time-loss injury, injury severity, training exposure, and match exposure were applied to the data set. 9, 10 An injury was defined as an absence from participating in full training and matches for 48 hours or longer. Moderate injuries were defined as an 8-to 28-day absence, and severe injuries as an absence 28 days, as classified by the UEFA model for defining injury severity. 10 Absences through illness or injury sustained outside of the academy were not included.
Statistical Analysis
A multivariate analysis of factors associated with injury to the lower back was not possible because of poor conditioning; specifically, the cell counts for certain combinations of factors were zero or near zero. Instead, Wilcoxon and Fisher exact tests were used to examine the relationship between time of injury, contact versus noncontact injury mechanism, age of player, competitive play versus noncompetitive play, and player position on the number of injuries in each class. All analyses were performed in R (R Development Core Team, Vienna, Austria). 24 
Event Analysis
Event analysis was used to investigate the factors that had an impact on the time to recovery from different injuries. We investigated the extent to which time to recovery (the event) was dependent on various risk factors using Cox proportional hazard models following the approach of Therneau. 21, 29 The risk factors considered as covariates were as follows: age at injury or age class, nature of injury or grouped nature of injury (fractures, bony tissue injuries, soft tissue injuries, and other; Table 2 ), body side (dominant, nondominant, bilateral, not recorded), activity at injury (competitive, noncompetitive), injury mechanism (contact, noncontact), playing position (goalkeeper, defense, midfield, attack), and time category (22.5-minute intervals labeled as early first half, late first half, early second half, late second half, other). We used stepwise reduction to identify the parsimonious model from a full model with all covariates. To do this, we progressively removed nonsignificant covariates from the model until only significant covariates were left. We used a threshold for removal of P > .05. We tested assumptions of proportionality in the parsimonious models in 2 ways. 266 (10) 291 (11) 309 (10) 329 (15) 326 (20) 308 (36) 286 (29) 286 (49) First, we plotted time-dependent coefficients for each covariate against time and assessed the change in coefficients with time visually. Second, we undertook a formal test correlating the scaled Schoenfeld residuals for each model with time for each covariate and assessed significance with a 2-sided test (significance denoting evidence for deviation from a constant hazard of infection in relation to that covariate through time). All models were fitted with the Survival library of Therneau in R. 24 The response was the time taken to return to sport following injury. Because of the low numbers of injuries in the ages 9, 10, and 11 years (n ¼ 1, 1, and 3, respectively), only the players younger than 12 years and older age groups were included in the event analysis.
RESULTS
During the 5-year study period, there were 12,306 academy players across all age groups (age <9 to age <16 years) at risk of injury. These players incurred a total of 10,225 musculoskeletal injuries between them. Of these, 310 (3.0%) were lumbar spine injuries. The majority of these were classified as LBP (49%; n ¼ 153), with strains (15%; n ¼ 47) and spondylolysis (4%; n ¼ 13) being the second and third most common diagnoses, respectively ( Table 2 ). The diagnosis was not recorded in 21 (6.8%) cases. Analysis by recorded anatomical site (Table 3) showed that 138 (45%) cases occurred in the lumbar region, 37 (12%) in the erector spinae muscles, and 18 (6%) in the quadratus lumborum muscles. Anatomical site was not recorded in 63 (20%) cases.
After the different injuries were grouped (described in Methods), certain diagnoses were associated with longer absences from soccer, as measured by the median (Table 4) . Fractures resulted in the longest absence from training (median, 149 days), followed by bony type injuries (pain from a bony structure without definite radiological evidence of a fracture) (median, 15.5 days) and soft tissue injuries (median, 13 days). More than three quarters of these bony injuries and fractures were classified as either moderate (51%; n ¼ 158) or severe (24%; n ¼ 73); the Figure 1 ). The risk of injury increased in the second half of competitive matches compared with the first half, just reaching statistical significance (Wilcoxon rank sum test with continuity correction, W ¼ 21; P ¼ .05). Injury risk also increased in the second part of the first half, and this risk persisted throughout the second half ( Figure 2C ). There were also 2 peaks in injury incidence during the year: one at the beginning of the season in September and another after the winter break, in January.
Contact with another player accounted for a higher number of injuries compared with a non-contact mechanism (W ¼ 131, P < .001) ( Figure 2E) , and there was a clear trend of increasing injury incidence per 1000 hours of exposure time with increasing age, which peaked in the <15-year age group ( Figure 2B ). This trend was confirmed with generalized linear modeling, with ordered factors categorizing age classes; the incidence of injury in age groups <14, <15, and <16 years was significantly higher than in the younger age groups (Table 5) .
Neither competitive play compared with noncompetitive play (W ¼ 968.5, P ¼ .70) ( Figure 2D ) nor player position (Fisher exact test for count data, P ¼ .68; Pearson w 2 test ¼ 1.62, df ¼ 3, P ¼ .65) ( Figure 2F ) had an effect on injury incidence.
Event Analysis
The return to sport following injury was modeled as an event, and survival curves describing the probability of returning to sport with time were produced. Cox proportional hazards were used to identify those risk factors or covariates that influenced the probability of returning to sport. As expected, risk of not returning to sport was very high immediately after the injury but decreased as healing progressed (Figures 3 and 4) . Nature of injury was a significant risk factor influencing time to recovery, with fractures and bony tissue injuries both found to have a lower risk of recovery (reduction of 76% and 44%, respectively) and hence, an extended time to recovery compared with soft tissue injuries ( Table 6 ). Risk of recovery was dependent on the age at which the injury occurred, with each year of age reducing the risk of recovery by 13%, indicating that older players took longer times to recover. These risks are illustrated in Figures 3 and 4 , which present predicted survival curves (ie, probability of returning to sport with time) for each type of injury in a 12-year-old and 16-year-old. Inclusion of year as a covariate was nonsignificant (P ¼ .32), indicating that there was no significant trend in improvement of recovery since the beginning of the study. There was no violation of the assumption that hazards were proportional with time.
DISCUSSION
This study has provided a detailed analysis of the patterns and risk factors for poor recovery following traumatic back injury in male youth soccer players studied prospectively over a 5-year period from a national academy program. The key findings were an increased risk of lower back injury with increasing player age (peaking in the <15-year age group), with a contact mechanism, in the second part of the first half (a risk that was maintained throughout the second half), and with peaks of injury during the months of September and January (beginnings of both halves of the season). In contrast to previous studies examining injury to the thigh muscle complex and ankle, the risk of back injury was not influenced by competitive play or player position. 5, 6 A higher risk of delayed recovery was significantly associated with fractures and bony type injuries. Older players were both at higher risk of injury and required longer time to recovery. However, it may be suggested that older (more competitive) players may have a higher threshold for presenting with injury, thus the severity of injuries in the older group may have been greater.
While low back pain is believed to be a common clinical problem, the etiology of such and associated factors in the athletic population remain unclear. Sato et al 26 demonstrated that 28.8% of youths similar in age to our cohort had experienced LBP in their lifetimes. In our work, back injuries contributed to 3% of the overall injury burden, a figure similar to other studies, which found rates ranging from 1.8% to 4%. 22, 28 This was lower than the 9.8% found in a 10-year study by Le Gall et al, 17 who prospectively studied 528 elite French academy soccer players aged 14 to 16 years. The differences between our findings and other authors may be attributable to varying injury definitions, training schedules, ages, and cultures between the player cohorts. Despite only forming a small proportion of injuries recorded, back injuries result in a significant loss of time from participation in sport (median, 14 days; IQR, 8-28 days). This is a longer absence than that experienced with thigh muscle injuries within the same cohort (median, 13 days; IQR, 7-22 days). 5 In our cohort, approximately three quarters of all back injuries were categorized as muscular in nature. This is at odds with results from smaller existing studies where up to 47% of LBP cases in adolescent athletes are a result of structural problems, for example, spondylolysis. 18 We believe this reflects closer observation in our academysupervised cohorts. In the current study, bony type injuries accounted for only 13% of the total. This may be because of fewer hyperextension and rotation movements of the lumbar spine (known risk factors for spondylolysis) during soccer compared with other sports. 23 The analysis showed that structural problems such as fractures and bony type injuries were significantly associated with the poorest outcomes.
This study supports the contention that LBP is a significant cause of musculoskeletal dysfunction in this active, adolescent population. Earlier diagnosis allows for prompt initiation of appropriate management, and it is our contention that this group should have access to routine plain radiograph investigation followed by magnetic resonance imaging (MRI), if indicated. Consequently, it has been recommended that back pain in adolescent athletes lasting longer than 3 weeks should undergo radiological investigation Figure 3 . Survival curves representing the probability of not returning to sport as time from injury increases for all combinations of significant covariates at injury age 12 years. Dashed line, 95% confidence intervals.
to rule out underlying structural damage. 4, 23 This would initially involve anteroposterior, lateral, and left and right oblique radiographs so as to not miss the 20% of cases involving unilateral defects. 30 Campbell et al 3 showed that MRI is equally effective and reliable as combined computed tomography and single photon emission computed tomography in the diagnosis of juvenile spondylolysis. However, MRI has the added benefits of allowing early detection of acute stress reactions in the pars before they develop into fractures and the ability to identify other pathologies that could potentially cause LBP. 3 The risk of injury increased after the first part of the first half of competitive play. This risk was maintained throughout the second half, which suggests that the half-time break was not long enough for sufficient muscle recovery from fatigue.
14 This pattern is similar to our previous work on ; however, it is different from work on the ankle 6 and knee, 20 where the risk of injury was greatest in the second part of each half but reduced directly after halftime. It has been suggested that longer halftime breaks or substituting fatigued players may be useful strategies to avoid injury in this situation, but clearly this has limitations due to player numbers. 5 There were 2 peaks in the incidence of back injuries: one after summer break, in September, and another after winter break, in January. This is similar to other studies of youth soccer players. 5, 6, 17, 20 An increased risk of injury after a prolonged break from soccer suggests that players may be deconditioned and therefore unable to efficiently handle the high demands associated with a return to intense activity. Le Gall et al 17 did not experience a peak in injuries after the winter break and proposed that this was because of the shorter but more frequent breaks from soccer their players experienced. A more gradual return to soccer may also avoid such problems. 30 We do accept that there were limitations to our study. There may have been variability in diagnosis because of the differing backgrounds of health care professionals across the number of academies involved. Clinical assessment was used to diagnose injury in the majority of cases, and there was limited access to early radiological imaging. This may have resulted in the underreporting of injuries such as spondylolysis. Finally, data for this study were collected before UEFA recommendations on injury definition by time loss of 24 hours (instead the 48-hour definition used) were introduced. 10 This may have resulted in some minor injuries being unrecorded.
CONCLUSION
We have found that the risk of lower back injury increases with age of the adolescent soccer player and is more likely with a contact mechanism, in the second part of the first half, and after the summer and winter breaks. Players who experience LBP with underlying structural damage are at greatest risk of prolonged injury. We would strongly recommend examination by a specialist and radiographs, if necessary, to facilitate recovery. Longer follow-up is required to identify the relationship between these injury patterns and adult lower back dysfunction. 
